Background Stressful conditions lead to formation of excessive free radicals, and lipid peroxidation is one of the major outcomes of free radical-mediated injury that directly damages membranes and generates a number of secondary products.
Introduction
Lipid peroxidation has been proposed to be a major mechanism of oxygen-free radical toxicity. Unsaturated fatty acids are particularly susceptible to oxygen radical attack, owing to the presence of double bonds that can undergo peroxidation through a chain of oxidative reactions [1] . Their oxidative modification causes changes in the physical and chemical properties of the membranes, thus altering their fluidity and permeability and increasing the risk of membrane rupture. Malondialdehyde (MDA) is one of the end products of lipid peroxidation and extent of lipid peroxidation is most frequently measured by estimating MDA levels. Increased serum level of MDA has been reported in cardiovascular and neurological diseases, and in aging [2] [3] [4] .
Stress has been the focus of science, research and practical medicine for many decades [5] [6] [7] . Stress is an adaptive response that prepares the organism for a threatening situation. It induces strain upon both emotional and physical endurance, which has been considered a basic factor in the aetiology of a number of diseases [8] [9] [10] . Stress as a concept describes the effects of psychosocial, occupational work and environmental factors on physical or mental well-being.
Occupational burnout is a complex phenomenon that has gathered significant attention among researchers over the last decade. Gillespie [11] defines burnout as a reaction to chronic, job-related stress, characterized by physical, emotional and defensive coping. Maslach and Jackson [12] contend that human service workers who have considerable interaction with patient problems (psychological, social and physical) are potentially more subject to chronic stress that can be emotionally draining and lead to burnout. Maslach and Jackson [12] provide a multifaceted conception of burnout, consisting of three sequential components that are the results of chronic stress. The first stage is emotional exhaustion, in which individuals feel emotionally overwhelmed by the demands of others. The second stage, depersonalization, occurs by inappropriately attempting to cope with exhaustion, and it is characterized by feelings of detachment and dehumanization. The final stage is a decreased sense of inadequacy, personal failure and feelings of poor professional self-esteem.
Stressful conditions lead to formation of excessive free radicals, which are a major internal threat to cellular homeostasis of aerobic organisms [13] . These free radicals are extremely reactive and unstable chemical species, which react with proteins, lipids, carbohydrates and nucleic acid in the body [14] . The exposure of lipids in cell membrane to free radicals stimulates the process of lipid peroxidation [15] and increases oxidative stress and aging [16] . The long-term effects of occupational stress and the higher incidences of burnout of medical staff in emergency compared with other units have been the subject of much research [17, 18] . For this reason, we tested the hypothesis that a direct relationship exits between MDA levels and burnout scores in workers of a prehospital emergency service.
Material and methods

Human subjects
This study was reviewed and approved by the Superior Council of Scientific Investigations and by the Investiga- 
Blood sampling
Blood samples were taken from the cubital vein. Fresh blood (5 ml) was collected into vacutainer tubes that contained lithium heparinate and stored at 0-41C. All assays were carried out within 24 h of sampling.
Malondialdehyde determination
MDA levels were measured in erythrocytes by the Bull and Marnett method [19] . Blood was centrifuged at 2500g for 10 min and the plasma was then removed as completely as possible. Erythrocytes were washed three times with 0.9% NaCl solution and subsequently haemolized by addition of distilled water. The supernatant solution was diluted by addition of acetonitrile (v/v) followed by vigorous mixing. The mixture was centrifuged at 3000g for 5 min. The supernatant solution was filtered (0.2 mm pore-diameter membrane).
High-pressure liquid chromatography was performed in a high-pressure liquid chromatograph (Pharmacia LKB Bromma model 2151, Sweden) equipped with a LKB Bromma 2151 model diode array UV detector and ChromJet integrator Spectra-Physics data processor (PEMED, Production Engineering-Medical Equipment Division, Denver, Colorado, USA), which enabled peak purity to be analysed. A Hypersil column (Shandon Scientific Ltd, Runcorn, Cheshire, UK; 25 cm Â 4.6 mm, 5 mm) was the stationary phase. The chromatographic conditions employed were mobile phase PO 4 HNa 2 and miristilammonium bromide buffer (pH 7.4)/acetonitrile. The flow rate was 0.4 ml/min; ultraviolet detection was at 268 nm; the chart speed was 0.5 cm/min; attenuation was 6, and the temperature was ambient. Injection volumes were 10 ml.
The column was equilibrated at the beginning of each daily series of measurements with at least 50 ml of the eluant. The MDA peak in the chromatogram was identified by comparison with a reference chromatogram of freshly prepared free MDA. The concentration of MDA was calculated from the area, on the basis of a calibration chromatogram performed with a standard solution of MDA, which was prepared by acid hydrolysis as described by Esterbauer et al. [20] . This method has been widely used in population studies [21, 16] .
To measure burnout, a Spanish version of the Maslach Burnout Inventory (MBI) adapted to sanitary staff was used [12, 22] . It is a 22-question instrument designed by Maslach and Jackson [12] . Each question consists of a sentence with four alternative answers, in which only one of them must be chosen. A different punctuation from 1 to 4 is assigned to each of the four possible answers. The final punctuation is obtained by adding the results of all the questions. This punctuation is used to measure the three stages of burnout. The first stage, emotional exhaustion, consisted of nine questions (1, 2, 3, 6, 8, 13, 14, 16, 20) . The second stage, depersonalization, was assessed by five questions (5, 10, 11, 15, 22) . The final stage, personal accomplishment, was measured by eight questions (4, 7, 9, 12, 17, 18, 19, 21) . The scores for each of the three stages of burnout were the total summation of the scores for the questions related to each area. A high score for emotional exhaustion or depersonalization indicated high levels for those stages of burnout. For the third stage, personal accomplishment, low scores demonstrated a low level of personal accomplishment, thus indicating high levels of this type of burnout.
Statistical analysis
Data were analysed by using the SPSS for Windows (ver.10.2) software program. The results are expressed as mean ± standard deviation. The hypothesis of normality of the quantitative variables was tested using a Kolmogorov-Smirnov test. As the group showed normal distribution, parametric statistical methods were used: Student's t-test and analysis of variance. To assess significant F-ratios obtained via analysis of variance, the Bonferroni post-hoc test was used. Statistical significance was defined as a P value of < 0.05. Lipid peroxidation stress and aging Casado et al. 167 for ages from 30 to 39 years. The group of administrators shows smaller MDA levels than the other two groups in all age groups because this group is the one that supports less stress, whereas the group of operatives, with higher MDA levels, is the most stressed one. The highest MDA levels were observed in the operative group, being the one that supports the highest work stress. This fact was demonstrated in a previous work [18] in which it was tested that occupational stress increased antioxidant enzyme activity as a response to an elevation in free radical generation (which was higher in middle-aged workers in the operative group).
Results
Sociodemographic parameters
As can be seen in Table 1 , in this work we did not observe any significant differences in MDA levels between the group of volunteers and the administrator staff and the control group, but significant differences were found between the control group and the operative group for ages from 20 to 29 years and from 30 to 39 years. MDA levels increase with age in both the control group and in workers of a prehospital emergency service. These results agree with those obtained in the Spanish population [16] .
No significant variations with respect to sex were detected ( Table 2) . These results agree with those obtained in Spanish populations [16] . With regard to marital status ( No significant differences were obtained (Table 3) between those who frequently practice some kind of sport (288.71 ± 16.43), those who sometimes practice MDA, malondialdehyde in nm/mg of haemoglobin; X ± DS, mean ± standard deviation; no signif. differenc., no significant differences. 
Occupational factors
With respect to professional category significant differences (P < 0.05) were detected in MDA levels between physicians, nurses and technicians. In the operative group (Table 4) , physicians (338.10 ± 14.47) and nurses (329.17 ± 12.62) showed higher MDA levels than technicians (296.74 ± 14.28). Likewise emergency antiquity showed a relationship with respect to MDA levels. In general, professionals who had more years of professional experience showed higher MDA levels.
We detected that MDA levels are higher in workers in night and evening shifts (P < 0.001) and we have also observed that qualification had a stronger relation with MDA levels.
As far as factors that produce professional uneasiness were considered, no significant differences were observed in MDA levels of professionals belonging to the emergency services. These factors have been classified into: uneasiness produced by work conditions (lack of staff and resources), institutional uneasiness caused by lack of promotion and formation, personal conflicts produced by bad relationship with colleagues.
No significant variations in levels of burnout were detected with respect to age, sex and marital status.
The operative group has higher levels of burnout than the other two groups, but significant differences (P < 0.05) were obtained only for personal accomplishment between the operative group and the other two groups.
Among workers of the operative group (Table 4 ), significant differences were obtained with respect to professional category in burnout levels (P < 0.05) and the first stage of burnout, emotional exhaustion (P < 0.001). Among professionals of the volunteers group, we observed significant differences only for the personal accomplishment (P < 0.03).
Discussion
MDA levels increase with age among all groups, supporting the premise that MDA levels are a valid marker of oxidative stress, as it is known that cell membrane structures are subjected to increased oxidative stress as a consequence of time and occupational stress. Inal et al.
[23] also observed significantly higher levels in healthy individuals with respect to age.
The group of administrators shows smaller MDA levels than the other two groups for all age groups, because this group is the one that supports less occupational stress, whereas the group of operatives, with higher MDA levels, is the most stressed one. The highest MDA levels were observed in the operative group, this group being the one that supports the highest work stress. Several studies indicated that the increase in free radical production caused by stress situations could generate oxidative stress, and we have found, in previous works [24, 25] , the highest oxidative stress to be in the operative group, which led us to conclude that the operative group is the one that suffers greater occupational stress.
We have not observed significant variations with respect to sex in workers of a prehospital emergency service and these results agree with those obtained by Gil et al. [16] in a healthy Spanish population from newborns to 93 years. Knight et al. [26] , however, found that men have higher MDA concentrations in the plasma than women.
Marital status has an influence on oxidative stress levels because married workers showed higher MDA levels than single or divorced workers, but no significant differences were observed with regard to having children or to the number of children. De la Torre et al. [27] have observed significant differences according to place of birth (urban or rural), but in this work we have not observed any difference because all of them had been living in a big city for many years.
With respect to the effects of cigarette smoking, we found that MDA levels were higher in the erythrocytes of smokers than in nonsmokers, differences being significant (P < 0.05). Several researches demonstrated that one of the prominent risk factors for increased lipid peroxidation is smoking [28, 29] . Tobacco smoke contains numerous compounds, many of which are oxidants and prooxidants, capable of producing free radicals and enhancing the oxidative stress 'in vivo' [30] .
No significant differences in MDA levels related to consumption of alcohol, coffee, tea or coke could be demonstrated. No association with respect to antioxidant enzyme activities and alcohol, coffee, tea or coke consumption in workers of a prehospital emergency service was detected [18] . Nielsen et al. [29] , however, found a positive correlation between plasma malondialdehyde and weekly alcohol consumption. Vendimiale et al. [31] have also observed increased MDA plasma concentration in humans, but after acute ethanol ingestion . In our study, the alcohol consumption of the participants analysed included only small quantities drunk during meals. This practice has certain proven beneficial effects in humans and epidemiological evidence indicates that moderate alcohol consumption reduces the incidence of heart disease [32, 33] .
We have detected that MDA levels are higher in workers in night and evening shifts (P < 0.01). These workers also obtain higher punctuations in burnout subscales, but without statistical significance.
Professional category had a stronger relation with reporting of stress at work according to Smith et al. [34] , and we have detected that physicians and nurses showed higher MDA levels than technicians. Fischer et al. [35] showed that job experience had a protective effect on the magnitude of physiological response during stressful situations in critical medical care; however, we associated higher MDA levels with professional category and emergency antiquity (P < 0.01) in the technical subgroup, especially in the operative technical group.
Louville et al. [36] indicated that work conditions of medical staff involved in prehospital emergency care might be very stressful. In addition, repetitive exposure to episodes of emotional stressors (such as the struggle between life and death in the emergency) is thought to participate in tissue damage through overproduction of stress hormones or the lack of shutting off these responses [37] .
No significant variations in levels of burnout were detected with respect to age, sex and marital status and our findings partially agree with those obtained by Smith et al. [34] who observed no significant difference between men and women in occupational stress, and that single and married workers reported very similar stress levels. We have, however, detected higher oxidative stress in married workers than in single or divorced workers. Professional category showed that physicians have higher levels of burnout than nurses and technicians. Our findings agree with those obtained by Akroy et al. [38] in radiation therapists, and they have also shown that professional category has an influence on occupational stress, because they increase not only MDA levels (lipid peroxidation) but also burnout levels.
This work is part of a project, the aim of which is searching for the relationship between oxidative stress, occupational stress and burnout in risk professions. The importance of these results is based on the fact that for the first time these three types of parameters have been simultaneously analysed with the goal of improving the working conditions and the requests of workers under the presence of several stressors.
Conclusions
In this study, we found that K Lipid peroxidation, occupational stress and burnout levels are similar in men and women.
K Occupational stress increased MDA levels as a response to elevation in free radical generation and can lead to aging.
K Professional category is associated with lipid peroxidation and burnout levels.
K Working in night and evening shifts increased MDA levels and burnout levels.
It is evident that preventive changes of job conditions and life style are necessary to improve the quality of life in workers belonging to prehospital emergency services.
